, respectively. In some cases there was an interaction with socioeconomic status, changes in the job characteristics being stronger predictors of sick leaves for employees with a high income than for the others. The highest risks of sick leave (ranging from 1.40 to 1.90) were associated with combined eVects related to poor levels of and negative changes in job control, job demands and social support. Conclusion-Negative changes in psychosocial work environment have adverse eVects on the health of employees. Those working in an unfavourable psychosocial environment before changes are at greatest risk.
Several studies have demonstrated the association between the level of job characteristics and various aspects of health (for example, cardiovascular mortality and morbidity, sickness absence). [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Consequently, policy implications of prior studies have included strategies to change the work environment toward a direction in which the level of job characteristics indicates lower health risk. 11 To be precise, however, evidence showing that a change in job characteristics is really followed by a change in health is still sparse. Exposure to job characteristics, such as job control, job demands and social support at work, has been assessed in the studies of Johnson et al 12 and Bosma et al. 13 The first investigation showed that workers with low job control had a significantly higher relative risk for cardiovascular mortality than other workers, and that this risk varied slightly depending on the exposure time. However, workers exposed to both low control and low social support for a long period of time had the highest relative risk. By calculating the mean from the levels of job characteristics obtained on two occasions, Bosma et al 13 showed that the participants with high levels of control at both phases were at a lower risk of self reported disease than those having low job control on both occasions. The risk of disease in the intermediate exposure group was between those found in the two above mentioned groups. The intermediate group included participants with stable intermediate job control and those who changed from low to high job control, as well as those who changed from high to low job control between the phases.
Instead of exposure, Theorell et al 14 focused on changes in the psychosocial work environment by comparing the levels of job characteristics 10 years before and one year before the first myocardial infarction in a casereferent study. A decrease in job control during the 10 years preceding the infarction, as indicated by a transition to a lower job status, was associated with increased risk after adjustments for demographic, biological and behavioural risk factors. Corresponding results were not obtained in relation to job demands.
In addition to these epidemiological studies, some laboratory and field experiments and cross sectional studies have demonstrated physiological responses and changes in self reported well being after implementation of work related interventions or changes in working conditions. [15] [16] [17] [18] [19] [20] Despite the large number of empirical studies, several open questions remain. Firstly, research on exposure to an adverse work environment did not specify how changes in job characteristics-either positive or negativemay aVect the development of health. Secondly, in the study of Theorell et al 14 the direction of changes was indicated. However, the data on these changes were derived from a trajectory of job status that may indicate not only modifications in job characteristics but also in income, socioeconomic status and other health related factors. Thirdly, experiments were restricted in terms of follow up time (not exceeding one year) and health indicators (physiological reactions and self reports) giving therefore only minimal information about changing risks of disease in relation to interventions.
To eliminate some of these limitations, we took advantage of a naturalistic situation that permitted direct comparison of the eVects of diVerent work situations on the health of Finnish municipal employees in 1990-1997. During these years, Finland faced its most severe economic decline since the first world war. 21 As a consequence, reductions of personnel, reorganisations and other major changes in work took place in many occupations and workplaces. 22 We examined how these variations predicted the development of sickness in a sample of initially healthy employees.
Methods
The participants were 530 full time municipal employees (138 men, 392 women) working during 1990-1997 in the service of the town of Raisio, in south western Finland. We used the employer's records to identify 981 employees in Raisio who had worked for at least six months in 1991 before major changes, and for at least six months in 1993 when the most extensive reductions in personnel occurred. Of these employees, we selected all those (n = 674) who had no medically certified sick leaves in 1991, representing the healthy cohort at the beginning of the study. Altogether 530 (79%) of them agreed to participate in the study and responded to the surveys in 1990 and 1993. None of the respondents rated their health as poor in the first survey. After adjusting for demographic characteristics, there were no diVerences in sickness absence rates in 1993-1997 between the respondents and the non-respondents. The occupations of the participants ranged from higher grade white collar workers (for example, managers, physicians, teachers), lower grade white collar workers (for example, technicians, registered nurses, oYce workers) to blue collar workers (for example, cleaners, maintenance workers, institution kitchen assistant).
As a consequence of the economic recession, contacted days worked by municipal employees in Raisio fell by 14.5% between 1991 and 1993. 22 StaV numbers were reduced partly through retirement and partly through not filling vacancies. Savings were also gained by not hiring cover for those absent from work. Only employees without permanent contracts of employment lost jobs. The reduction was greater among women (16%) than among men (10%). At the same time, the age profile of employees changed greatly. Contracted days worked by those over 50 years of age rose from 22% to 29% of all contracted days worked. After 1993, contracted days worked gradually increased but were still 5.7% lower in 1997 than in 1991.
The employer's records from 1 January 1991 to 31 December 1997 relating to medically certified sickness absences and the follow up times of these employees were analysed. For each employee, the number of contracted days worked was calculated by deducting the number of days absent from work between 1991 and 1997 from the total contracted days in those years. All causes of absence were noted except sickness. Thus, contracted days worked represented the periods of time during which sickness absences could emerge. The follow up time was 941 person years for men and 2611 person years for women. To increase comparability to prior research, 4 some of the analyses were additionally performed in data including also employees with sick leaves in 1991 (189 men related to a follow up of 1275 person years; 575 women and 3792 person years).
We divided the data into three time periods: 1990, before the major changes (time 1), 1993, the worst point in the downsizing (time 2); and 1993-1997, when the downsizing had slowed down (time 3). Changes in self reported job characteristics were assessed using the information obtained by questionnaire surveys at times 1 and 2. Job characteristics were measured by sets of questions relating to skill discretion (four items; Cronbach's reliability r = 0.78, range 6.3-100), authority to make decisions (seven items; r = 0.84, range 0-100), opportunities to participate in decision making (three items; r = 0.76, range 0-100) and predictability in relation to work (four items; r = 0.67, range 6.3-100), as elements in job control 6 23-26 ; psychological demands of work (five items; r = 0.70, range 15-100) and physical demands of work (three items; r = 0.55, range 1.7-5) 25 26 ; and social support from superiors (nine items; r = 0.90, range 1-5) as well as from workmates (four items; r = 0.83, range 1-5). 27 An index for each job characteristic was calculated by summing the scores derived from the questionnaire responses. A higher sum score indicated a higher level of job characteristics. The internal consistency of the measure of physical demands was rather low weakening its predictive power. All the measures were normally distributed. The time 1 scores were standardised and the means and standard deviations related to these scores were used to standardise the respective time 2 scores. The change in each self reported job characteristic was calculated by subtracting the score at time 2 from the score at time 1. To reduce bias arising from diVerences in reactivity or styles of response between people, we also used aggregated scores calculated from the index scores of job characteristics among all the respondents, including also those who had lost or left their jobs between times 1 and 2 and/or who had been on sick leaves in 1991 (n = 1110 at time 1 and n = 812 at time 2). In the measures of job control and job demands, we aggregated scores for each occupational group, classified according to Statistics Finland 28 ; for the measures of social support, aggregate scores were calculated for each work place. The respective aggregate score was linked to each participant. The scores were standardised in the same way as the individual scores. The change in each aggregated job characteristic was calculated by subtracting the aggregate score at time 2 from the aggregate score at time 1.
Data on sick leaves were collected from the records kept by the Raisio occupational health care unit. The records list the beginning and end dates of each sick leave for each employee. All certificates relating to sick leaves, irrespective of place of issue, must be forwarded for recording. Employees may fill out their own certificates for absences of three days or less. For absences of over three days, medical certificates are required. We dealt only with the number of long spells of sickness absence. They are strongly associated with other health measures and common predictors of health such as age, socioeconomic status and healthrisk behaviours. 6 22 26 29 30 Regarding the corresponding associations with short spells, the results are mixed. 22 26 30 Thus, short spells may reflect more than long spells non-health related absence in addition to that driven by illness.
To identify employees with health problems at the beginning of the study (that is, employees who were excluded from the cohort), we recorded all sick leaves during time 1 (1 January to 31 December 1991). To study the eVects of changes in job characteristics between times 1 and 2 on health at time 3, we grouped all 985 sick leaves that occurred after changes from 1 January 1993 to 31 December 1997. We checked the records for inconsistencies, and combined any overlapping or consecutive periods of sickness absence.
The procedures for recording sick leave in Finnish municipalities are reliable. Employees are paid their full salary during periods of sick leave. Employers receive compensation from the Finnish Social Insurance Institution for salaries paid to employees on sick leave after the first 10 days. To receive full compensation, the employers are required to keep strict records of sick leave.
Maternity leaves and absences attributable to caring for a sick child are not included in the sickness absences. Regulations concerning the work contracts made by Finnish municipalities allow an employee to be absent from work without interruptions in salary payment to care for their under 10 year old child with an acute illness. Each such absence spell is fully compensated up to three days, and there are no limitations in the number of the spells per employee per year. Thus, the participants had no reason to wrongly report being ill when staying at home to care for their own sick child.
We also investigated seven other potential predictors of sickness: sex; age; annual income status; behavioural risks such as smoking, alcohol consumption, and sedentariness; and overweight as a biological risk factor. 6 22 31 32 Annual incomes were transformed logarithmically to assess diVerences in relative income and because of skewness of the measure. We determined whether the subjects smoked regularly (yes or no), the amount of alcohol consumed (g of alcohol per week; high consumption defined as > 280 g/week in men, > 190 g/week in women), the amount of physical activity (sedentariness was defined as less than half an hour of rapid walking per week), and the body mass index (BMI) of each subject (overweight was defined as BMI > 27 kg/m 2 ).
DATA ANALYSES
As descriptive statistics, mean levels of job characteristics at times 1 and 2 were calculated, and the diVerence was tested by repeated measures analysis of variance. Interactions with sex, age and income were tested. The extent of the change in job characteristics between times 1 and 2 for each participant was calculated. We calculated the number of periods of sick leave and the follow up period in person years for each employee. Because the number of sick leaves is a form of count data, Poisson regression models were fitted to the data. 22 29 33 Use of the Poisson model implies that the between employee variance in the rates of sick leave is equal to the expected rate of sick leave. In this study, the dispersion in the rates of sick leave was close to that predicted from the Poisson model. We used hierarchical Poisson regression models to estimate the strength of the relations of the level of job characteristics at time 1, and change in job characteristics between times 1 and 2 to medically certified sick leaves at time 3. The rate of sick leaves per 100 person years and the corresponding rate ratios for predictors at high and low levels were calculated. As regards the job characteristics at time 1, the cut oV points for high and low level referred to +1 SD and −1 SD, respectively. Concerning the change in job characteristics, high and low levels referred to the magnitude of change in job characteristics +0.5 SD between times 1 and 2. The levels of and changes in job characteristics were treated as continuous variables in all analyses. We adjusted rate ratios and their 95% confidence intervals (CI) for behavioural and biological risk factors. When studying the association between the change in job characteristics and sick leave, we additionally adjusted the rate ratios for the level of job characteristics at phase 1. We tested the eVects of demographics (that, sex, age (18-41 years, n = 267, 42-63 years, n = 263) and income (above the mean, n = 279, below the mean, n = 251)) on the relation between levels of changes in job characteristics and periods of sick leave by using a cross product term as recommended by Cohen and Cohen. 34 Correspondingly, a set of moderated hierarchical Poisson regression analyses were performed to estimate the joint eVects of the level of job characteristics at time 1 and change in job characteristics between times 1 and 2 on sick leave at time 3 by entering a cross product term "level of job characteristics X change in job characteristics". Finally, appropriate second level interactions with sex, age, and income were tested separately.
We used the SAS program package for all analyses. Poisson regression models were calculated using the GENMOD procedure. 35 
Results
Job characteristics were perceived in a more favourable way in the initially healthy sample than among employees with sick leaves at time 1. For example, the mean of job control was 61.24 in the first sample but only 57.12 in the latter sample (t = 3.76, p<.001).
In the initially healthy sample, a large number of participants was exposed to major changes, both negative and positive, between times 1 and time 2 (table 1) . There were several diVerences in the level of job characteristics between the participants. The level of skill discretion and opportunities to participate in decision making decreased, and predictability in relation to work and physical demands (only in employees with a high income) increased between times 1 and 2 (table 2) .
Before adjustments, all the job characteristics at time 1 predicted sick leave at time 3, except for decision authority and supervisory support (table 3). In no case was their eVect dependent on sex or age. Adjustments for behavioural and biological risk factors did not change these figures significantly.
The analyses performed for the sample containing also those employees who had been on sick leave at time 1 showed significantly higher associations between job characteristics and sickness absence (for example, in a fully adjusted Poisson regression model including adjustment for sick leaves before change, the risk of sick leave was 1.37 (1.22, 1.54) times higher in employees with poor job control than in employees with strong job control. The corresponding risk observed in the initially healthy cohort was 1.24 (1.09, 1.41)).
After adjustment for the level of job characteristics at time 1, the change in them between times 1 and 2 significantly predicted sick leaves at time 3 (table 3) . Considering self reported measures, a change in every job characteristic was predictive of sickness absences. In relation to aggregated measures, reductions in job control or in its dimensions, except for decision authority, as well as an increase in physical demands associated with heightened health risk.
We tested whether the sick leaves at phase 3 could be explained by exposure to an adverse work environment between times 1 and 2. The average of the levels of job characteristics at times 1 and 2, indicating exposure, was a significant predictor of forthcoming sick leaves. However, the models including the level of exposure to job control or social support did not predict sickness absence as eVectively as the models including the baseline level and changes in the corresponding job characteristics. For example, exposure to poor job control explained a 63% lower variance in sick leaves than the baseline level adjusted changes in job control (explained variance in sick leaves by the exposure model was 2.4% and by the change model 4.0%). For coworker support, the respective diVerence was 39%. Only in one case-that is, participation in decision making-exposure to job stressors explained an equal amount of variance in sickness absences as the change in them.
In relation to the eVects of changes in job characteristics, several interactions with sex, age and income were detected (table 4) . For example, decreased job control was a greater health risk for employees at 42-63 years of age and those with a higher than average income and impaired discretion relating to skills and reduced coworker support were greater risks for women than for men.
In six cases, the joint eVects of the level of a job characteristic at time 1 and a change in another job characteristic between times 1 and 2 on sick leaves at time 3 were evident (fig 1) . Health risk was highest in the following combinations of the dimensions of psychosocial work environment: poor job control or decision authority at baseline combined with decreasing supervisory support; high physical demands at baseline, together with decreased coworker or supervisory support; low supervisory support at baseline combined with reduction in skill discretion or decision authority. In no cases was the interaction dependent on sex or age.
Finally, in five cases the interaction between a job characteristic at time 1 and a change in another job characteristic between times 1 and 2 was dependent on SES (table 5) . In general, the joint eVects of job characteristics on sickness absence were stronger for employees with a high income than for those with a low income. In no cases, was the interaction dependent on sex or age.
Discussion
We explored how changes in the psychosocial work environment were associated with the subsequent development of illnesses in an initially healthy sample of employees. We focused on the gap between prior policy implications and the empirical evidence on which these implications are based. Although reductions in adverse psychosocial job characteristics have often been called for by researchers, there has been a lack of epidemiological data indicating that such alterations indeed are helpful. Our findings suggest that changes in work characteristics, such as job control, job demands and social support at work are important predictors of sickness. Sickness absence has frequently been used as an indicator of employee health, although the decision to stay away from work is also likely to be influenced by a number of attitudinal and social factors (for example, indispensability at work, potential risk of wage reduction, family responsibilities, and informal norms of workmates regarding acceptance levels of absence). To minimise the eVect of these confounding factors, we considered only medically certified sick leaves. According to Marmot and his colleagues, 30 medically certified sickness absences serve as a measure of health in the working population when health is understood as a mixture of social, psychological and physiological functioning. Thus, our data reflect the development of health in general but do not provide information on specific diseases.
Consistently with numerous studies, 1-10 36 we found that the level of work characteristics was related to health problems. New medically certified sick leaves were more common in people who had a job with low job control, poor coworker support, high psychological demands or high physical demands. However, the magnitude of the association between job characteristics and sick leave was slightly lower than that reported in previous research on sickness absenteeism. 4 29 For example, the rates of long spells of sickness absence in low job control compared with high job control reported by North et al 4 were 25% higher than those observed in this study. This may reflect diVerences in the samples. By including only people with no medically certified sick leaves at baseline and at least average self rated health status at that time, we applied a more stringent inclusion criterion than that in earlier studies of sickness absence. When we performed the analyses for the total sample, using the same inclusion criterion as researchers in the other studies, the ratio for the rates of sick leave in an adverse psychosocial work environment compared with a favourable one was similar to those reported previously. Although exclusion of the employees with baseline sickness from the sample increased the validity of our study design, it also significantly constricted the variance in job characteristics and therefore decreased their power to predict sick leaves. It is also possible that employees with poor health are more vulnerable to the eVects of an adverse psychosocial work environment. 6 22 For these reasons, the present results may represent an 
*Cut oV points refer to an increase of +0.5 SD compared with a decrease of −0.5 SD. †Rate ratios and their 95% confidence intervals adjusted for level of predictor before change, poor health habits (high alcohol consumption, smoking and sedentary lifestyle) and biological risk factors (high body mass index).
underestimation of the actual extent of the eVect of the levels of psychosocial work characteristics on health.
In addition to the level of job characteristics at a certain point of time, prior research has determined the health risks related to various exposures to these characteristics. 12 13 Exposure to these characteristics may be identical for people facing a decrease in a job characteristic from a high level to a lower level, for people with a stable intermediate level of a job characteristic and for persons experiencing an increase in the same job characteristic from a low level to a higher level. In a recent Whitehall II study by Bosma et al, 13 for example, such cases were collapsed under the same category of intermediate level of exposure. Our findings do not suggest that such a procedure is an ideal one. After adjustment for the baseline level of the psychosocial work environment, a change in it led to diVerent health risks depending on the direction of the change. Health problems seem to be more precisely predictable by taking into account the direction of change in the psychosocial work environment, rather than by simply averaging the levels of the job characteristics at two times as a measure of exposure. It is possible that changes in job characteristics may contribute to the development of health problems indirectly through alteration in a person's socioeconomic position. While this may be true in studies using occupation related inferred measures of job characteristics, 14 it is not a probable explanation for our findings. In this study, changes in job characteristics did not associate with job transitions, and only 3% of the participants had a diVerent job within the service of the town of Raisio after the recession.
It may also be questioned whether the negative change in self rated job characteristics was a consequence of the sick leaves rather than its predecessor. Our results, which are derived from a sample of healthy employees before changes, speak against this interpretation. Confounding attributable to diVerences in traditional health risks, such as regular smoking, excessive alcohol consumption, a sedentary lifestyle, and overweight are not probable, either. The findings remained similar after statistically controlling the eVects of these behavioural and biological health risks. This implies that the eVects of changes in job characteristics are not likely to be mediated by such risks within the seven year follow up. 6 37 While the eVects of changes in job characteristics did not significantly diVer between men and women, or across diVerent age groups, they were dependent on socioeconomic position. The health eVects were greater for employees with a high income than for the others. This is an interesting finding because the literature suggests that adverse changes in health are more common among persons of low socioeconomic position. 22 38 In addition, earlier studies on the Raisio sample show that the reduction in contracted days worked was greater in employees with a low income. Despite this, major downsizing was associated with higher risk of absence for employees with higher incomes. 6 22 This combined with the present finding contradicts the argument that psychosocial job characteristics and their change reflect merely social position or its change.
The joint eVects of psychosocial work features have long been a matter of controversy. The majority of the studies have shown an additive eVect pattern of job characteristics on ill health. 11 However, theoretical models and some empirical studies suggest an interactional eVect pattern. 26 39-41 Our observations support the latter hypothesis. We obtained several true multiplicative interactions between the levels of psychosocial characteristics and the changes in them. Their eVects on health were as expected on the basis of theoretical models, such as the job strain model and the iso-strain model. 25 39 41 The combination of poor psychosocial work characteristics and an adverse change in some other psychosocial factor of the work environment was associated with the greatest risk of subsequent illness. In contrast, an initially favourable work environment in which some job characteristics were further improved was related to the lowest risk of health problems. Compensatory eVects were also found. A favourable change in one feature of the psychosocial work environment partially buVered from the adverse consequences of other job characteristics.
The results on joint eVects have practical implications for the management during turbulent working conditions. In prior research on work characteristics, job control has been shown to be one of the strongest psychosocial predictors of sickness absence, morbidity and mortality.
2 4 6-8 10-14 Our findings suggest that the negative consequences of low job control can eVectively be diminished, not only by increasing job control, but also by developing leadership. High or improving supervisory support seemed to be able to reduce a significant proportion of the excessive health risk associated with low or decreasing job control.
In conclusion, this study gave strong evidence on the potential health related eVects of changing the psychosocial work environment. Favourable transitions in job characteristics, such as job control, job demands and social support at work, seem to reduce the risk of sickness among employees. This eVect was relatively independent of age and sex. Finally, improvement in one job characteristic seems to buVer against adverse influences related to other aspects of the psychosocial work environment. All these conclusions imply that improving the psychosocial work environment or even some of its elements could decrease the risk of illness among the working population.
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x Negative changes in psychosocial work environment have adverse eVects on the health of employees. x The combination of poor psychosocial work characteristics and an adverse change in some other psychosocial factor of the work environment was associated with the greatest risk of subsequent illness. x A favourable change in one feature of the psychosocial work environment partially buVered from the adverse consequences of other job characteristics. x High or improving supervisory support seemed to be able to reduce a significant proportion of the excessive health risk associated with low or decreasing job control.
